In Indonesia, there are underground mines for mineral metal such copper (Cu) and gold (Au), built by tunneling towards the mineral location. The purpose of this study was to determine the mapping a concentration of diesel particulate matter (DPM) and assess the impact on health by severity measurement of airflow obstruction of the miners experiencing chronic obstructive pulmonary disease (COPD). The data of DPM were measured with NIOSH method no. 5040 and applied a geostatistical method in mapping concentration at the area of underground mining. A spirometric measurement was conducted to diagnose COPD that is done to the 314 miners. The results showed that the concentrations exceeding the permissible exposure limit (PEL) and spirometric measurement were found for 26 miners (8.3%) who experience COPD (post bronchodilator <0.70). The severity measurement of airflow obstruction of the miners experiencing COPD, severity of airflow limitation for moderate (GOLD 2) was obtained for 14 miners (54%); severe (GOLD 3) for 10 miners (38%) and very severe (GOLD 4) for 2 miners (8%). It can be concluded that the amount of DPM exposure against the severity of airflow limitation with COPD by 0.03, in which the other factors also affect the severity.
INTRODUCTION
Diesel engines (DE) find use in industrial applications, including mining (off-road). Dieselpowered heavy equipment (HE) operating in underground (UG) environments (mines and tunnels) were determined by multiplying the vehicle power by a ventilation rate that was either mandated by regulation(s) or determined empirically from known quantities (Parent, 2007) . The process of UG mining requires the application of (HE) such as loader as well as other types of equipment that use diesel engines (DE) . Beside loader, haul truck, development jumbo, truck and other mine equipment with DE are found in the underground tunnels.
In Indonesia, Deep Ore Zone (DOZ) is an underground mine (UG) for copper (Cu) and gold (Au). The air pollutant concentration measurement in DOZ is the first step in identifying environmental-health hazards and risk to the miners. (Susanto et al., 2016; Susanto et al., 2017) . Diesel fuel (DF) and DE are used increasingly frequently because of the reliability and efficiency of hydrocarbon fuel oxidation. However, there is a concern that the result of diesel engine oxidation is in the form of diesel engine exhaust (DEE) (USEPA, 2002; IPCS, 1996) , which is dangerous for miners' health. This concern is related to the small size of respirable diesel particulate matter (DPM) (USEPA, 2002; Kittelson, 1998) .
The particles in DEE are DPM consisting of the center of carbon nucleus defined as elemental carbon (EC), and absorbed organic compounds defined as organic carbon (OC), as well as a small number of sulphate, nitrate, metal, and other elements (USEPA, 2002) . DEE were classified as carcinogenic to humans (Group 1) (IARC, 2012), the decision was based on National Institute for Occupational Safety and Health (NIOSH) and US National Cancer Institute (NCI) study showed the exposure-response relationships between the respirable EC exposure and lung cancer mortality in UG miners Silverman et al., 2012) . The highest levels of EC were reported for enclosed UG mining work sites (Rushton, 2012) .
The exposure assessment is the process of measuring or estimating the magnitude, frequency and duration of human exposure to a compound in the environment (Susanto et al., 2016) . The human exposure evaluation involved describing the nature and size of the population exposed to air contaminants as well as the magnitude and duration of their exposure. The dose, its duration and timing, the nature and size of the critical measures of exposure were taken into account for risk characterization (Birch et al., 1996; Birch et al., 2004) .
DPM are usually less than one micron (×10 -6 m) in size, which causes them to be more easily inhaled and retained in the body. Presently, the United States mining industry is in the process of phasing in stringent regulations relating to diesel particulates in underground mines. The exposure limits for DPM adopted by MSHA for metal or non-metal underground mines (non-coal). The present PEL for DPM as per MSHA (30 CFR 57.5060(b)) is 160 μg TC/m 3 , defined as total carbon (TC) content (CDC, 2016).
Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory symptoms and airflow limitation, usually caused by a significant exposure to noxious particles or gases. The burden of COPD is predicted to increase due to an additional exposure to environmental risk factors for the development of the disease and greater risk of the disease as the population ages (GOLD, 2017). Indonesia is a country with a high number of smokers, characterized by high COPD prevalence. Unfortunately, the COPD prevalence data are not owned by Indonesia; therefore, it is necessary to study COPD comprehensively so that its prevention can be done well. In 2017, an updated and revised version of the standardsetting Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines was released as depicted in table 1 (Classification of COPD based on GOLD 2017). As part of the revision, the definition of COPD was updated to include the importance of environmental disturbances and host factors that contribute to the disease pathophysiology.
The most prevalent environmental risk factor for COPD is cigarette smoking, which is associated with a higher mortality rate, a higher burden of respiratory symptoms and lung function abnormalities, as well as greater decreases in lung function. For the diagnosis of COPD in patients with risk factors, a spirometric assessment is conducted to confirm the presence of persistent airflow limitation. The patients with the severity of airflow limitation post bronchodilator of less than 0.70 forced expiratory volume in one second (FEV 1 ) / forced vital capacity (FVC) are considered to have a spirometrically confirmed diagnosis (GOLD, 2017).
METHODS
The research was carried out in DOZ, which is a production area of UG located on the coordinate points of 73°32'50" -73°42'50" Easting; 95°12'50" -95°22'50" Northing; UTM Zone 53 South. The mining site is situated in Jayawijaya Mountain, East Mimika District, Papua Province, Indonesia. The measurements representing the ambient conditions were taken and a comprehensive chemical analysis was performed. The data of DPM as TC was defined as the sum of EC and OC. Both EC and OC were measured by NIOSH method number 5040.
This study applied spatial analysis by universal kriging for mapping DPM concentration in the area truck haulage drift at DOZ. The data obtained from these calculations were then processed into a frame using a spatial model. It has been most frequently used for providing boundary conditions to the dynamic modeling of the air pollution. In the current study, Arc-GIS were used for generating maps. Spirometric measurements were conducted to diagnose COPD and the assessment of airflow limitation based on GOLD, was conducted on the 314 miners that work at the DOZ (Table 1) .
RESULTS AND DISCUSSION
The DOZ mine airflow area providing sufficient airways were required based on the minimum velocity concern in main travelways and dilution of diesel contamination (Stinnette & Souza, 2013 ). The total airflow demand is 1.498 m 3 /s. Airflow to each primary level, undercut, extraction and haulage was based on providing 0.079 m 3 /s/kW over diesel equipment and a minimum air velocity of 0.76 m/s in the areas where personnel and non-diesel operate (Susanto et al., 2016) . The intake and exhaust airways were required to provide sufficient airflow. It involves multiple parallel drifts on the extraction (production) level to control block-caving mines. Concerning the main trailways, the airflow is required for dilution of DEE contamination. The ventilation system was designed to provide fresh air for all personnel working in truck haulage drifts. Determination of airflow quantity is influenced by mining equipment and wide variations in the characteristics of emissions even amongst vehicles of similar size and power. A number of parameter affects the total airflow required for a given amount of DE.
DEE SURVEY AND MEASUREMENT
DEE is a complex mixture of DF combustion products (table 2 shows the quality analysis for diesel usage in DOZ), and the exact composition of the mixture depends on the nature of engine, operating conditions, lubricating oil, additives, emission control system, and fuel composition (Pronk et al., 2009). DPM generation varies considerably among types, sizes, series manufacturers of DE. DPM behave as an aerosol (Stinnete & Souza, 2013). Being sub-micron in size, they have aerodynamic diameters falling within a range 0.1 to 0.25 µm; thus, their control is similar to other gaseous contaminants. The composition of DPM concentration was taken from the data analysis as depicted in table 3. Its peaks data without could provide information about the spatial changes in the composition of the organic and gas component. In order to validate a determination of a miner's exposure based on a personal TC sample, MSHA will analyze a non-citable area sample taken from an area of the mine without organic carbon (OC) interferences. MSHA will multiply the elemental carbon (EC) component of the personal TC sample by the ratio of TC to EC obtained from the area sample to check for non-diesel OC interferences on the personal samples. MSHA uses this procedure when EC on the miner's personal sample is <160 μg/m 3 of air times the error factor (EF) for EC, and TC on the miner's personal sample is >160 μg/m 3 of air times the EF for TC. MSHA will obtain both personal and area samples using the same type of sampling cassette, previously employed for its compliance sampling. TC from a personal sample must >160 µg/m 3 times the EF for TC to result in a miner's overexposure to DPM. The EF for TC is 1.192. Thus, it follows that the miner is not excessively exposed to DPM when TC from the miner's personal sample is <160 µg/m 3 times the EF for TC.
GEOSTATISTICS -SPATIAL INTERPOLATION
In order to obtain spatial interpolation analysis is using air dispersion model by numerically processing the emission and meteorological data (Zou et al., 2009 ). Kriging is a commonly used method and represents spatially continuous phenomena. The method has formed the basis for environmental pollution mapping in recent years (Isaaks et al., 2013) . This method describes DOZ mine air quality exposure model for predicting DPM concentrations to which the miners are exposed.
Air pollution analysis and points of monitoring and measurement (truck haulage drifts and tunnels) used in this studies of various pollutants from HE operating in UG environments. Air polutant data measurements are used in assessment use of Geographic Information System (GIS) based Kriging method to produce the most accurate and useful information about the spatial interpolation patterns pertaining to DPM concentration in DOZ. Mapping was built in ArcGIS, integrating the relevant data on truck haulage drifts, tunnels and ventilation rate. The results that show DPM can be estimated, mapped and visualized within a GIS framework (Susanto et al., 2017) . The spatial distribution of the pollutants is an integral component from risk evaluation aspect concerning health and environment. The technique used for illustrating the spatial distribution provides a meaning for estimating the probability of the attribute value, which exceeds the required threshold in a particular location (Cattle et al., 2002) .
The results of the air pollutant concentration mapping was DPM with universal kriging (Figure 2 ), this method is also useful for identifying metallic (Fonturbel et al., 2011 ) and par- . Although the air quality inside the DOZ was affected by the balance of the total air intake and exhaust, as the part of ventilation system to supply the needs for air, the quality is still not capable of diluting air pollutants, in particular DPM. The air requirement for all mining workers was 650 individuals with operational factor of 100%, where the total airflow per unit reached 0.03 m 3 /s. Besides, the airflow quantity necessary for each unit type of the diesel equipment was characterized by the operational factor depending on the power unit (in horsepower unit), which was different from the unit type affected by operational factor of each unit equipment (Susanto et al., 2016). Figure 2 shows spatially continuous DPM concentrations mapping for points where there are no measurement data which have to be estimated by a spatial interpolation.
The measurement values of both minimum and maximum DPM concentrations were presented in table 3. Minimum airflow value of 0.03 m /s based on the experience at the mine. The airflow through the lube shop areas has been determined to be 28.2 m 3 /s, based on the expected equipment usage. The operating factors represent the percentage of time that the equipment will be running and have to be applied in order to determine approximate airflow requirements.
CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)
Environmental exposures to fumes, gases, air pollutants, and occupational dusts contribute to impaired lung function. The most prevalent environmental risk factor for COPD is cigarette smoking, which is associated with a higher mortality rate, a higher burden of respiratory symptoms and lung function abnormalities, and greater decreases in lung function. Spirometric measurement for COPD diagnosis was done to 314 miners that work at the DOZ. Table 4 shows the frequency distribution of miner age with an average of 37.87 years of age. The age range indicates that the miners are in the productive age. In spirometric measurement other than gender (sex), age is a factor that must be considered (GOLD, 2017) . This is in accordance with the 'age range under observation' contained in Figure 3 that is the graph of FEV 1 progression over time.
The height ranges from 1.45 to 1.84 m with the mean of 1.64 m which is the range of average height for Indonesians. The miners usually work in DOZ for 15 years. This is in line with the mining age of DOZ which began operating in 1998. The years of working are in accordance with the amount of time of DEE exposure. The exposure to particles is a factor that affects disease progression, although it is also affected by age and sex, although in this study, gender is not used as an independent variable because all miners in DOZ are male. The prevalence of COPD was higher in smokers and ex-smokers Compared to non-smokers (GOLD, 2017). The number of non-smokers is 142 miners (45.2% of the total number of miners), which is less when compared with the miners who smoke, i.e. 172 miners (54.8%of the total number of miners) -9.8% higher than miners as non-smokers.
COPD is considered in a history of exposure to risk factors for the disease. Table 5 shows that the results of spirometry measurement, the presence of a post-bronchodilator FEV 1 /FVC <0.70 confirms the presence of persistent airflow limita- 
ASSESSMENT OF SEVERITY OF AIRFLOW OBSTRUCTION
The 2017 GOLD guidelines introduce an updated ABCD assessment tool for COPD disease severity that requires the formal assessment of disease-specific symptoms and an evaluation of patient history of the exposure to the disease risk factors in order to determine the disease severity independently from the spirometric results (table 6) . In order to measure the severity of airflow obstructive toward the miners who experience COPD, a follow-up test was conducted on miners with FEV 1 (% predicted), assessed on the miners with FEV 1 /FVC <0.70; the obtained results of the severity of airflow limitation classification for the miners with COPD are: for moderate (GOLD 2) -14 miners or 54%, severe (GOLD 3) -10 miners or 38%, and very severe (GOLD 4) -2 miners or 8%, as described in Table 6 .
Following the assessment of airflow limitation mentioned above, ANOVA test was conducted by enter method to determine the amount of working time (exposure) DPM against severity of airflow limitation with COPD and whether other factors including age and smoking habits which can also affect the severity. The obtained results show that the value R = 0.173 with value F = 2.395 on the value of significance (α) = 0.05, so it can be concluded that the GOLD category is influenced by 3% of the length of exposure to DPM, height, smoking habits, and age of miners.
COPD is one of the non-communicable diseases, which is rarely exposed due to lack of information provided. In the United States. the data in 2007 shows that the COPD prevalence 10.1% (SD 4.8) for male is 11.8% (SD 7.9) and for women is 8.5% (SD 5.8) (Buist et al., 2007) . Mortality ranks at the fourth position as highest factor that is 18.6 per 100,000 people in 1991 and the death rate increased as much as 32.9% from 1979 up to 1991 (AST, 1995). The COPD prevalence in Southeast Asian countries is estimated as much as 6.3% with the highest occurrence found in Vietnam (6.7%) and China (6.5%) (Yeung et al., 2004 ). COPD will negatively affect the quality of life, including >40 years that will lead to disability toward the patients. Though they are still in the productive age group, they cannot work optimally due to chronic breathlessness. The co-morbidity of COPD will result in cardiovascular disease, bronchial cancer, lung infections, embolic thrombosis disorder, the presence of asthma, hypertension, osteoporosis, joint pain, depression and axiety (Agusti et al, 2003) . 
